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Studies of the Precambrian Geology of Iowa: 
Part 3. Geochronologic data for the Matlock drill holes. 
W.R. VAN SCHMUS1 and E.T. WAllIN1·2 
U-Pb ages have been determined for quartz monzodiorite (2,535 ± 5Ma) recovered from drill hole ClO and for keratophyre (1,782±10 
Ma) recovered from drill hole C5 of the Matlock exploration project. Sm-Nd whole-rock analyses for several rock types from the Otter 
Creek layered mafic complex recovered from several drill holes of the Matlock project yield an isochron age of 2,890 ± 90 Ma, with an 
ENd(t) of -0. 9 ± 2.4. These ages document crustal evolution in northwest Iowa, including the southern margin of the Superior Province, 
over more than one billion years from 2. 9 to 1. 8 Ga. Isotopic data also show that older crustal components were involved in genesis of the 
keratophyre, indicating that it was derived wholly or in part from older crust. Data are not sufficient to determine if the keratophyre was 
derived wholly from mafic crust like the Otter Creek complex or from a mixture of more felsic Archean crust and juvenile 1.8 Ga magmas. 
INDEX DESCRIPTORS: Precambrian basement, geochronology, Proterozoic, Archean, layered mafic complex. 
The buried Precambrian basement of the central United States (Fig. 
1) includes major provinces of juvenile Early Proterozoic crust that 
were accreted to the southern part of the growing Laurentian Shield 
between 1.85 and 1.65 Ga (c£ Van Schmus et al., 1987; Hoffman, 
1988). Several key problems for interpreting the history of this region 





Fig. 1. Precambrian basement geology of the midcontinent region. 
Black rectangle in northwest Iowa shows approximate location of study 
area (Fig. 2). Black circle in northwest Iowa shows approximate loca-
tion of Quimby granite (Van Schmus et al., 1989). MCR = Midcontinent 
Rift system: black= volcanic rocks of central rift; horizontal stripe 
= Duluth gabbro; diagonal stripe = possible extension of rift into 
Grenville Province (GP); stipple= flanking elastic basins. SLT = Spirit 
Lake Trend, presumed southern margin of Archean craton (Superior 
Province); GLTZ =Great Lakes Tectonic Zone (Sims et al., 1980), 
boundary between dominantly granite-greenstone region to north and 
gneiss-migmatite region to south in Superior Province. 
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Early Proterozoic accreted provinces, (b) defining the age and nature of 
this part of the Archean craton, and (c) determining the age and nature 
of Early Proterozoic provinces and the boundaries between them. The 
Precambrian basement of northern Iowa and adjacent states is par-
ticularly relevant to these problems, and it must be studied in detail 
whenever the opportunity presents itsel£ 
The buried basement can only be studied through interpretation of 
geophysical data or of samples returned through drilling. In 1963 New 
Jersey Zinc drilled a series of exploration holes on and near a prominent 
magnetic anomaly near Matlock, in northwestern Iowa (Fig. 2). The 
rocks encountered were first described by Yaghubpur (1979) and 
Tvrdik (1983). They showed that the drill holes encountered a large 
variety of rock types, but that most of them could be explained by 
interpreting the subsurface geology as a mafic layered igneous complex 
with pendants or xenoliths of different units from the surrounding 
basement. However, the drill cores did not display contact relation-
ships which clearly showed which rocks were xenoliths, which were 
older basement, and which were younger intrusive rocks. As a result, it 
was necessary to apply techniques of radioisotope geochronology to 
these rocks not only to determine whether they are Archean or 
Proterozoic and whether they can be correlated with other geologic 
events or rock units in the region, but also to define which are older 
and which are younger. Preceeding papers by Windom et al. (1991a, 
1991b) present new lithologic and geochemical data bearing on the 
nature of the rocks encountered in these drill holes. This paper presents 









Fig. 2. Map showing location of drill hole samples for which data are 
reported in this paper. Grid lines are seciton boundaries (1 mile square). 
Contours show magnetic intensity in gammas. 
GEOCHRONOLOGY OF MATLOCK DRILL CORES 183 
SAMPLES 
The Matlock C-10 drill hole is located on the north flank of the 
Matlock magnetic anomaly in Lyon County, Iowa (Table 1; Fig. 2). The 
drill hole encountered Precambrian basement at a depth of 699 ft 
(213m) and was cored to a total depth of770 ft (235 m). The rock 
recovered in the drill core is a dark, pinkish-gray porphyritic quartz 
monzodiorite that has undergone extensive brecciation that destroyed 
much of its original texture and fabric (Tvrdik, 1983). Splits of core 
were taken for possible U-Pb geochronology in 1980; samples were 
collected from the 700-706 (213.4-215.2 m) and 730-732 foot 
(222.5-223.1 m) depths, with the shallower one used for zircon 
separations. 
The "porphyritic rhyolite" of Tvrdik (1983) was sampled from the 
Matlock C-5 drill hole (Table 1; Fig. 2) in 1984 for an attempt to 
resolve problems related to the stratigraphic position and ages of 
various felsic volcanic units in the subsurface of Iowa-Minnesota-South 
Dakota and their correlation with felsic volcanic rocks in Wisconsin. 
The drill hole encountered Precambrian basement at a depth of 460 ft 
(140 m) and was cored to a total depth of 1325 ft (404 m). Tvrdik 
(1983) reported that from 460 ft (140 m) to 518 ft (158 m) the rock 
recovered is a light gray, highly altered porphyritic tuff; from 518 ft 
(158 m) to 1139 ft (347 m) the rock is a volcanic breccia of variable 
character with rare clasts of altered mafic cumulate rock; and from 1139 
ft (347 m) to total depth at 1325 ft (404 m) the rock is an altered 
gabbronorite. Windom et al (1991b) studied the volcanic part of this 
core and conlcuded that it should be referred to as a keratophyre 
because of its very low K 20 content. The portion of Matlock C-5 core 
originally sampled, at the 914 ft (279 m) depth, was chosen because of 
its well preserved pyroclastic texture. This sample yielded several 
milligrams of zircon which was prepared for analysis in early 1985; 
initial results were reported by Van Schmus et al. (1987). Because of 
uncertainties associated with the original analyses (see below), addi-
Table 1. Drill Core Samples Used In This Study 
Drill Hole and Location 
Depth (ft)a Rock Type (Windom et al., 1991 a, b) 









Madock C-4: SE 1/4, Sec. 27, T.98N., R. 44W., Lyon Co., 
Iowa 
757 Gabbro 
Madock C-5: NE V4, Sec. 28, T.98N., R.44W., Lyon Co., 
Iowa 
659 Keratophyre 
914 Keratophyre (tuffaceous) 




Madock C-10: SE 1/4, Sec. 25, T.98N., R.44W., Lyon Co., 
Iowa 
700-706 Brecciated quartz monzodiorite 
Note: aSamples given in feet since that is primary definition of 
core depth on storage boxes; metric equivalents included in text. 
tional samples were subsequently provided by R.R. Anderson ftom 
the 685-706 ft (208. 7-215.2 m), 955 to 964 ft (291.1-293.8 m), and 
907-916 ft (276. 5-279.2 m) depths, but none of these yielded larger 
populations of zircon than the original sample, so that the more recent 
analyses reported below also come ftom the 914 ft (279 m) depth. 
The mafic rocks present in most of the Matlock drill holes were not 
originally sampled for U-Pb analysis because of the improbability of 
extracting zircon or baddeleyite from the small pieces of core available 
and because of the altered nature of the rock in the cores. As described 
in more detail by Windom et al (1991a,b) all samples show some 
degree of hydrothermal alteration, although original textures are 
commonly preserved, indicating that penetrative deformation was not 
a major factor. In unaltered mafic plutonic rocks, normally the best 
approach would be to separate fresh minerals such as plagioclase and 
clino-pyroxene to determine an internal Sm-Nd mineral isochron. This 
approach avoids the uncertainty sometimes found in whole-rock sam-
ples, where variable initial ratios that correlate with Sm/Nd ratios give 
falsely old ages (c£ Chauvel et al., 1985). However, because of the 
altered nature of the samples, mineral isochrons were not considered 
feasible, and we selected a range of lithologies that was likely to give a 
significant spread in Sm/Nd ratios for whole-rock analyses. Because 
these samples are from a layered mafic igneous complex, with original 
rock types ranging from anorthosite through gabbro to pyroxenite and 
dunite, the range in Sm/Nd ratios is about what would be obtained 
from mineral separates of a single gabbroic rock. Furthermore, since 
the lithologic variations in the complex probably resulted from frac-
tional crystallization of a single large magma body, variations in initial 
Nd isotopic composition were probably not significant for any rock 
type that does not represent extreme silica enrichment (e.g., a 
granophyre) and which may be contaminated by crustal assimilation. 
ANALYTICAL METHODS 
Analytical data (Tables 2 and 3) were obtained at the Isotope 
Geochemistry Laboratory, Department of Geology and Kansas Univer-
sity Center for Research, University of Kansas, over a six-year period 
from 1985 to 1991. During this time the laboratory underwent several 
improvements in instrumentation, chemical labs, and procedures, 
with the result that we were able to work with much smaller zircon 
samples in later years. U-Pb data for zircons reported below (Table 2) 
reflect these improvements. Sm-Nd analyses have been done routinely 
for only the past two years, so that they are all comparable in quality. 
Zircon Analyses 
Zircons were dissolved and Pb and U were separated using pro-
cedures modified after Krogh (1973). For relatively large samples (ca. 
1-2 mg), zircons were dissolved and the solution aliquoted, with one 
split spiked with a mixed 208Pb-235U tracer solution. Where samples 
were very small (<0.01 mg), the sample was spiked with a mixed 
205Pb-235U tracer solution prior to dissolution. For samples analysed 
prior to 1987, isotopic ratios were measured on a 23 cm Nier-type 60° 
sector, single filament, solid source mass spectrometer; for samples 
analysed since February, 1987, isotopic ratios were measured on a VG 
Sector multi-collector mass spectrometer equipped with a Daly detec-
tor. Comparison of analyses and zircon samples analysed with both 
instruments has revealed no significant difference in isotopic composi-
tions or ages that result; the principal advantage of the newer instru-
ment has been to increase sensitivity and productivity. Pb isotope 
composition and isotope dilution aliquots were analysed on single Re 
filaments using silica gel and phosphoric acid and corrected for average 
mass discrimination of 0.1 percent per mass unit, which was deter-
mined by analysis of NBS SRM 982, equal-atom Pb. U was loaded on 
a single Re filament along with the Pb isotope dilution split for 208Pb 
spiked samples or separately with silica gel and phosphoric acid for 
205Pb spiked samples and analysed as U02 +. 
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Observed Radiogenic Ratios 
20spb 206Pb 
206pb 23su 
IALY-007: Matlock C5-914, Keratophyre 
NM(-1)-200 1.87 188 65.1 1,248 0.12454 0.1421 0.3079 
M(-1)-200 2.05 196 66.3 1,124 0.12080 0.1496 0.2984 
M(0)-200 1.63 207 68.0 737 0.11780 0.1582 0.2823 







NM(-1)* hp, pink 
M(-1) hp, pink 
M(O)* hp, pink 
M(2)* hp, pink 
Note: Analyses above previously published by Van Schmus et al. (1987) 
3.42 190 64.1 1,733 0.11728 0.1467 0.3029 
1.55 186 63.6 1,041 0.11579 0.1503 0.3025 
1.75 192 70.4 449 0.11899 0. 1543 0.3023 
1.99 189 65.5 539 0.11209 0.1582 0.2917 
2.20 208 71.2 1,410 0.12282 0.1532 0.3028 
0.81 196 68.6 412 0.11434 0.1602 0.2879 
0.09 161 40.8 1,783 0.10864 0.1474 0.2945 
0.11 166 73.6 153 0. 11072 0.1566 0.2960 
0.08 158 51.3 1,572 0.10856 0.1493 0.2939 
0.07 182 59.6 724 0.10871 0.1415 0.2911 
*Regression: U.I.=1,782±10 Ma; L.I.=1±11 (forced through zero); p=0.05 
NM(-1) hp, xen 0.07 370 205.2 1,019 0.19392 0.1494 0.4599 
IALY-009: Matlock ClO-706, Quartz Monzodiorite (Van Schmus et al., 1987) 
M(l) 1.6 979 488.8 702 0.16640 0.1670 
M(2) 2.0 1,038 464.4 1,225 0.16320 0. 1684 
M(3) 1.8 1,203 481.2 1,092 0.16150 0.1672 
M(4) 2.3 1,216 440.9 1,063 0.15942 0.1776 



























Notes for Table 2: NM= nonmagnetic, M =magnetic, numbers in parentheses indicate side tilt used on Franz separaror at 1. 5 amp 
power: ( + 200), (-200) indicate mesh sizes for sieved samples; hp= hand-picked. Total U and Pb concentrations corrected for analytical 
blank. Radiogenic Pb corrected for blank and initial Pb; ages give in Ma. Ages calculated using decay constants recommended by 
Steiger and Jager, 1977. 
Radiogenic 208Pb, 207Pb, and 206Pb were calculated by correcting 
for modern blank Pb and for nonradiogenic original Pb corresponding 
to Stacey and Kramers (1975) model Pb for the age of the sample. 
During these analyses, analytical blanks varied from 400 to <100 
picograms, depending on the specific procedure and dissolution ves-
Table 3. Sm-Nd Data from Northwestern Iowa 
Sm Nd 
DH-Depth Rock Type (ppm) (ppm) f 
sels used. In all cases the samples are sufficiently radiogenic that 
reasonable uncertainties in the compositions of the nonradiogenic Pb 
do not contribute significantly to uncertainties in the ages obtained. 
Decay constants used were 0.155125 x l0-9 year-1 for 238U and 
0.98485 x l0-9 year -1 for 235U (Steiger and Jaeger, 1977). 
147Sm ~ ± Age 
I44Nd 144Nd 2SE ENd(O) (Ga) ENd(t) 
----------------------------------------------------------------------------------------------------------------------------------------------------------
Otter Creek Complex 
Cl-704 Lamprophyre 1.001 2.120 0.451 0.2855 0.514264 14 31.7 2.9 -1. 5 
Cl-1127 Bronzitite 0.347 1. 171 -0.088 0.1794 0.512278 12 -7.0 2.9 -0.6 
C3-605 Gabbro 0.315 0.999 -0.030 0.1907 0.512526 14 -2.2 2.9 0.0 
C3-855 Anorthosite 0.106 0.518 -0.371 0.1238 0.511192 71 -28.2 2.9 -0.9 
C3-1074 Gabbro 0.279 0.935 -0.083 0.1804 0.512387 12 -4.9 2.9 1.2 
C4-757 Gabbro 0.142 0.365 0.197 0.2354 0. 513348 13 13.9 2.9 -0.6 
C5-1266 Gabbro 0.945 2.917 -0.004 0.1959 0. 512559 10 -1. 5 2.9 -1.3 
C5-1275 (gabbro) 0.815 2.925 -0.143 0.1685 0. 511955 8 -13.3 2.9 -2.8 
C5-1324 Gabbro 0.491 1.491 0.012 0.1991 0.512665 26 0.5 2.9 -0.4 
Keratophyre overlying Otter Creek Complex (IALY-007) 
C5-659 Keratophyre 7.711 40.444 -0.414 0. 1153 0.511316 9 -25.8 2.9 -7.3 
C5-971 Gabbro clast 3.898 18.514 -0. 353 0.1273 0.511554 13 -21. 1 2.9 -5.4 
Quartz Monzodiorite in vicinity of Otter Creek Complex (IALY-009) 
Cl0-709 Monzogranite 7.735 63.10 -0.623 0.0741 0.510397 8 -43.7 2.5 -4.0 
Notes: Drill hole numbers (DH) and sample depths (in feet) from Windom and others (199la,b); ENd(O) and ENd(t) values calculated 
assuming 143Nd/144Nd = 0. 512638 and Sm/Nd= 0.1967 for present-day bulk Earth. 
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Sm-Nd Analyses 
Rock powders for Sm-Nd analysis were dissolved in teflon bombs 
for 5-7 days using an HF-HN03 mixture, following the general 
procedure of Patchett and Ruiz (1987). The REE were extracted using 
a standard AG-SOW cation resin ion exchange column; the Sm and Nd 
were separated using teflon powder coated with HDEHP (Richards et 
al., 1976; Patcher and Ruiz, 1987). Isotopic compositions were mea-
sured with a VG Sector 5-collector mass spectrometer. Sm was loaded 
on a single Ta filament with H 3P04 and analysed as Sm+ in static 
multicollector mode. During the course of these analyses several 
variations for analysing Nd were tried, including Nd+ with Re triple 
filaments, Nd+ using a Re single filament that had a thin coat of resin 
beads, and NdO + using a single Re filament with silica gel and 
phosphoric acid. For all methods the Nd isotopic composition of our 
internal Nd reference standard was reproduced within normal levels of 
precision (20-40 ppm), but the oxide beam derived from loading with 
silica gel and phosphoric acid on a single Re filament yields the best 
sensitivity and the most stable ion beams. We programmed the VG 
Sector sofrware in General Multidynamic mode to acquire the NdO + 
peaks of interest, correct for oxide interferences from Ce, Pr, Nd, and 
Sm, and calculate the ratios of interest. We normally collect 100 ratios 
with a IV t44Nd16()+ beam or 150 ratios with a 500 mV beam; this 
typically yields internal precision of 10-15 ppm for individual runs. 
External precision based on repeated analyses of our internal standard is 
comparable at 15-20 ppm (1 standard deviation); analyses of the LaJolla 
Nd standard average 0.511860±0.000010. Seven analyses ofBCR-1 
yield Nd=29.54 ppm, Sm=6.80 ppm, and t43Nd/ 144Nd= 
0.512641±0.000008 (1 standard deviation), for eNd(O) = 0.1± 0.2. 
During the course of these analyses Nd blanks ranged from 500 to 
<150 ng, with corresponding Sm blanks or 200 to <100 ng. Correc-
tion for blanks was insignificant for Nd isotopic composition and 
generally insignificant for Sm/Nd concentrations and ratios; a few low-
Nd samples had corrections as large as 0.6 percent. Sm/Nd ratios are 
believed to be correct to within ± 0. 5 percent due to analytical factors. 
Analyses of duplicate splits of powder are less certain due to problems 
with sample homogeneity, but the errors are correlated so that calcu-
lated eNd(t) values for Nd are generally reproduced within 0. 5 epsilon 
unit. The isochron age was calculated using a decay constant of 
6.54x10-12 year-1; the eNd(t) values were calculated using the same 
decay constant and a crystallization age for the Otter Creek complex of 
2.87 Ga (the isochron age presented below) unless otherwise noted. 
RESULTS 
U-Pb Analyses 
Zircons separated from the Matlock ClO (700-706 ft) sample are 
brown, euhedral, and appear to represent a single population of 
primary igneous crystals; overgrowths or cores are not present. U-Pb 
data for these zircons (Table 2) were presented by Van Schmus et al. 
(1987, sample IALY-009); these data yield an age of 2,523 ± 5 Ma, 
which is interpreted as the crystallization age for this granitoid. 
Zircons separated from the Matlock C5 (914 ft) sample are typically 
pink, euhedral crystals, similar to zircons from many other felsic 
volcanic rocks studied by the senior author; some of the crystals show 
internal cores or xenocrysts, and some of the zircons are more brownish 
in color and appear to be from a second population. Analyses of four 
fractions of-200 mesh, euhedral zircon (Table 2) originally appeared to 
define a good chord with an upper intercept age of ca. 2,280 ± 110 Ma 
(Van Schmus et al., 1987, sample IALY-007). Because of the necessity 
for analysing 1-2 mg samples at the time these zircons were analysed, 
the -200 mesh fraction was used in an attempt to minimize any 
contribution from older cores (which tend to be more abundant in 
larger zircons that crystallize earlier in the magma); obvious core-
bearing crystals or brown crystals were also removed by hand. The age 
for these zircons did not correspond well to ages of other felsic volcanic 
units in the region (ca. 1. 8 to 1. 9 Ga), but the data array was linear, and 
Van Schmus et al. (1987) concluded that the felsic volcanic unit might 
be earlier Proterozoic, similar to metavolcanic rocks found in the 
Homestake Mine in the Black Hills (ca. 2.1 Ga; Peterman and 
Zartman, 1985; now refined to 1.88to1.97 Ga, Redden et al., 1990). 
Subsequent analyses of the coarse fraction ( + 200 mesh), done in an 
attempt to refine the initial result, produced incoherent results, 
especially when combined with the -200 mesh results (Table 2; Fig. 3). 
The coarser-grained zircons, in fact, appear to have less contamination 
from older components than the fine zircons, suggesting that 
xenocrystic cores may be common in all sizes and larger new/old ratios 
prevail in the coarser-grained crystals. Afrer acquisition of a more 
sensitive mass spectrometer in 1987 and corresponding improvements 
in chemical procedures, the zircons were re-analysed by ETw, who 
carefully separated a few crystals (ca. 0. 1 mg) of clear, pink, apparently 
core free, euhedral zircons from four magnetic splits, plus one fraction 
of the slightly darker zircons. Three fractions of the inclusiuon-free, 
core-free, pink, euhedral zircon grains yield the lowest Pb-Pb ages and 
plot close to concordia (solid points, Fig. 3). These three fractions yield 
very similar results, with Pb-Pb ages of ca. 1, 775-1, 778 Ma (Table 2); 
a line from the origin through these data yields an upper intercept of 
1, 782 ± 10 Ma, which we interpret as the best estimate of the age of 
volcanism for the main tuffaceous component of the keratopyhre. One 
of the hand-picked zircon fractions has a slightly older Pb-Pb age 
(open circle, Fig. 3), suggesting a small inherited component that was 
not noticed during preparation of the sample (invisible xenocryst?). 
The darker zircon fraction has a Pb-Pb age of ca. 2, 780 Ma (Table 2; 
solid square, Fig. 3), showing that it is clearly derived from an Archean 
source. We believe that this zircon fraction may represent either 
xenocrystic material from the walls of the volcanic vent or a detrital 
component mixed into the tuffaceous material during deposition. The 
analyses reported in 1987, plus the subsequent analyses from + 200 
mesh zircons from those fractions, all cluster near the more recent 
analyses, with a scatter toward the Archean zircon fraction. We 
~ 0.4 00 
("(") 
N -.D 0-i 
\0 
0 
N 0.3 Otter Creek 
Keratophyre 
0.2 
2 6 10 14 
207Pb/235U 
Fig. 3. U-Pb concordia plot for zircon fractions from keratophyre 
samples recovered from drill hole C-5. Solid circles are hand-picked 
fractions which are considered to represent the age of volcanism 
(l, 782 ± 10 Ma). Solid square is hand-picked xenocrystic fraction which 
represents contaminating phase. Open circle is a hand-picked fraction 
that appears to have small inheritance. "x" denotes ca. I mg samples of 
-200 mesh zircon;"+" denotes ca. 1 mg samples of+ 200 mesh zircon. 
Both large fractions show significant inheritance or contamination. See 
text for further discussion. 
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conclude that this scatter was the result of xenocrystic components 
within euhedral grains that were missed in preparing those fractions 
originally. It is clear that even populations as small as 0.6 mg were too 
large to ensure that a homogenous, xenocryst- (core-)free population 
had been selected; interestingly, the lowest-weight populations from 
the older analyses have the lowest Pb-Pb ages, indicating that removal 
of xenocrystic components in those zircons was more efficient than for 
the heavier populations. The amount of inheritance or contamination 
necessary to produce the scatter shown is probably only a few percent, 
since the older component has greater radiogenic Pb concentrations 
(Table 2), and it is much easier to miss one or two offending grains in a 
large population. 
Sm-Nd Analyses 
The primary goals of doing Sm-Nd analyses for the Otter Creek 
complex were (a) to try to define its crystallization age, and (b) to 
define the Nd characteristics of its source. The Sm-Nd analytical data 
are presented in Table 3. Figure 4 is a Sm-Nd isochron diagram for 
samples recovered from holes drilled into the Otter Creek complex (Cl 
to C5), the keratophyre (C5 ), and the monzogranite (ClO). Seven of the 
nine samples from the mafic complex define an isochron corresponding 
to an age of2,870 ± 90 Ma. The initial ratio defined by the isochron is 
0.50887±0.00012, which corresponds to an ENd(t) of -0.9±2.4. 
Two samples, C3-1074 and C5-1275, full close to the isochron, but 
were not included in the regression; if all nine samples are included in 
the regression, the age is not changed significantly (2,890 Ma), but 
the uncertainty is doubled. The age of2,870 ± 90 Ma is interpreted as 
the best estimate for the crystallization age of this layered complex. 
The keratophyre (closed circle, C5-659) and a strongly meta-
somatized gabbro clast (open square, C5-971), are displaced to the left 
of the isochron for the layered gabbro complex. Both samples would 
define a subparallel isochron of ca. 2. 9 Ga, but this isochron would 
0.515 
0.514 Otter Creek 










/I= 0.50887 ± 0.00012 
0.1 0.2 0.3 
147Sm/144Nd 
Fig. 4. Sm-Nd diagram for samples recovered from drill holes into the 
Otter Creek complex (D.H. Cl-C5) the keratophyre (D.H. C-5), and the 
monzogranite (D.H. C-10). There are two main populations; most 
samples fall on or near an isochron with an age of 2870 ± 90 Ma, while 
two others, the keratophyre (closed square) and a strongly meta-
somatized gabbro (open square), are displaced to the left. See text for 
further discussion, including choice of samples included in the regres-
sion (closed circles) and those omitted from the regression (open 
circles). 
have a higher initial ratio, reflecting the younger time of derivation 
(ca. 1. 8 Ga) of the keratophyre melt and metasomatism of the clast (see 
below). 
DISCUSSION 
Recent U-Pb geochronology in the Superior Province (cf Hoffman, 
1989) shows that most of the granite-greenstone belts formed about 
2.7 Ga. Thus, the Sm-Nd isochron age of2,890 ± 90 Ma is distinctly 
older than the main pulse of magmatism in much of the Superior 
Province. However, this age is comparable to those of older rocks found 
locally within the Superior Province that represent earlier phases of 
crustal development. The Otter Creek complex actually occurs south 
of the Great Lakes Tectonic Zone (Sims et al., 1980), which separates 
normal granite-greenstone belts of the main Superior Province from an 
area of older gneisses and migmatites (up to 3.6 Ga) in southern 
Minnesota, so that the 2.9 Ga age for the Otter Creek complex may 
represent relatively young activity within this older terrane. The 2. 53 
Ga age for the quartz monzodiorite from drill hole ClO indicates that 
this plutonic rock must be intrusive into the Otter Creek complex or 
its host crust. Gneisses from the Archean crustal block in central 
Wisconsin (Van Schmus and Anderson, 1977) yield similar ages (Van 
Schmus, unpublished data), showing that very late Archean plutonism 
may have been common along the southern margin of the Superior 
Craton. 
The initial Nd composition ofENd(t)=-0.9±2.4 for the Otter 
Creek complex indicates that it was either derived from an essentially 
non-depleted source, such as a mantle plume, or from an enriched, 
formerly depleted source such as lithospheric mantle. This result is 
consistent with the Otter Creek complex being part of an Archean 
greenstone belt or a mantle-derived intrusive mafic complex. As 
mentioned by Windom et al. (1991a), most of the samples available for 
analysis show significant amounts of alteration. Thus, it is not surpris-
ing that two of the samples full off the general isochron. What is 
surprising is that seven of the samples appear to show very little 
disturbance, indicating either that the alteration occurred soon after 
formation of the Otter Creek complex, or that the alteration did not 
significantly affect the Sm-Nd isotopic system. 
The 1, 782 Ma age for eruption of the keratophyre is similar to those 
of rocks found elsewhere in the northern midcontinent region, namely 
1. 75-1.80 Ga juvenile arc-related rocks in the Nebraska basement 
(Wallin and Van Schmus, 1988) and ca. 1. 76 Ga felsic volcanic rocks 
which presumably overlie Penokean basement in southern Wisconsin 
(Van Schmus, 1980). Xenocrystic zircons have not been reported from 
the 1. 76 Ga felsic rocks in Wisconsin, but the underlying basement, 
and presumably the source for these felsic melts, is only about a 
hundred million years older, so that a small amount of zircon inheri-
tance would be difficult to see. The very low K/Na ratio of the 
keratophyre would argue against derivation of much of the keratophyre 
magma from older felsic crust, but would be consistent with deriving 
it from plagioclase-rich parts of the Otter Creek complex. On the other 
hand, if the low K/Na ratio is due to later hydrothermal alteration, as 
preferred by Windom et al. (1991b) then derivation from felsic crust is 
a possibility. 
Figure 5 is a Nd evolution diagram showing: (a) data for the 
keratophyre (C5-659) and the metasomatized gabbro clast in the 
keratophyre (C5-971); (b) anorthosite (C3-855), bronzitite (Cl-1127), 
gabbro (C5-1266), and a depleted gabbro (C4-757) from the layered 
mafic complex; and (c) the Archean monzogranite (ClO-706) which 
occurs near the Otter Creek complex. The lightly shaded area in Figure 
5 represents a Nd evolution region for plagioclase-rich parts of the 
complex that could consist of subequal mixes of anorthositic and 
bronzite-rich portions of the gabbro. The initial composition of Nd in 
the Otter Creek complex (Fig. 4) is represented by the shaded oval. 
The initial composition of Nd in the keratophyre is shown by the oval 
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Fig. 5. Nd evolution diagram showing data for the keratophyre (CS-659) 
which overlies the Otter Creek complex and a metasomatized gabbro 
clast in the keratophyre (CS-971); anorthosite (C3-855), bronzitite 
(Cl-1127), gabbro (CS-1266), and a depleted gabbro (C4-757) from the 
layered mafic complex; and Archean monzogranite (ClO-706) which 
occurs near the Otter Creek complex. The shaded oval represents the 
initial composition of Nd for the Otter Creek complex as determined 
from the isochron regression (Fig. 4). The lightly shaded area represents 
the Nd evolution region for felsic portions of the complex (subequal 
mixes of anorthosite and bronzitite). The initial Nd composition of the 
keratophyre and the metasomatized clast clearly indicate that these 
rocks contain substantial crustal material of Archean age, and that the 
Archean component could have been derived from felsic portions of 
the Otter Creek complex about 1.8 Ga. The initial Nd composition of 
the Otter Creek complex itself indicates that it was either derived from 
an essentially non-depleted source or from an enriched, formerly 
depleted source. See text for further discussion. The depleted mantle 
curve is that of DePaolo (1981). 
at ca. 1. 8 Ga. The initial Nd composition of the keratophyre and the 
metasomatized clast clearly indicate that thes rocks contain substantial 
crustal material of Archean age, but there are at least two options for 
interpreting these results. The most obvious choice (1) is that the 
Archean signature was derived from plagioclase-rich rocks of the Otter 
Creek complex about 1. 8 Ga, and that the magma for the keratophyre 
and fluids for metasomatizing the clast were derived by partial melting 
of these rocks. The evolution curve for the nearby quartz monzodiorite, 
Cl0-706, can be considered representative of Archean felsic crust; this 
curve is far below the initial Nd compositions for the keratophyre and 
its clast, showing that the keratophyre probably was not derived 
wholly from partial melting of an Archean felsic crust. However, a 
second option is to postulate that the keratophyre includes a mixture of 
magma derived from a more juvenile source (2(M); initial eNd value 
between 0 and + 4) and magma derived from partial melting of 
Archean felsic crust, 2(C). A third possibility is that the keratophyre 
sampled is a juvenile 1.8 Ga pyroclastic rock which incorporated a 
substantial amount of surface detritus from the Archean craton follow-
ing eruption, during transport and sedimentation; however, since the 
isotopic signature of the metasomatized gabbro is similar to that of the 
keratophyre, we do not believe that this is a viable alternative. 
The complex results for zircons in the keratophyre confirm that it is 
not composed of rock and mineral components from a single, uncon-
taminated magma. We cannot determine from our limited samples 
whether all of the older components in the zircons are xenocrysts 
incorporated in the magma during its formation because they were not 
completely resorbed into the melt, whether some of the zircons are 
xenocrysts incorporated in the pyroclastic debris during eruption 
(fragments of conduit wall-rock), whether they include detrital zircons 
derived from erosion of the surrounding exposed Archean terrain that 
was mixed in with the tuff as elastic detritus during post-eruption flow 
and subsequent sedimentation of combined pyroclastic and detrital 
material, or a combination of these. Zircons would not normally be 
considered a significant accessory mineral in a layered mafic complex, 
which would argue against deriving the keratophyre magma wholly 
from partial melting of the Otter Creek complex. 
CONCLUSIONS 
The Otter Creek complex has ages and isotopic characteristics 
consistent with being either mafic roots of a greenstone belt or a mafic 
layered intrusion that was em placed into older Archean crust about 2. 9 
Ga. The age of the quartz monzodiorite from drill hole ClO indicates 
that this rock is a Late Archean pluton intruded into the Otter Creek 
complex and (or) its surrounding crust. The age of the keratophyre is 
similar to ages of post-Penokean felsic volcanic rocks in southern 
Wisconsin and to juvenile accretionary rocks in Nebraska, suggesting 
that it is related to thermal activity associated with 1. 75 to 1.80 Ga 
crustal accretion in the southern part of the Laurentian craton. 
However, since the keratophyre overlies Archean crust and contains 
isotopic evidence of substantial older crustal components in its mag-
ma, it must have been derived in part by melting or assimilation of 
older crust. 
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